and environmental contributions to the relationship between education and anxiety disorders -a twin study.
Introduction
As recognized for many decades, mental health varies with socioeconomic status (SES) (1) . The literature shows strong statistical relationships between socioeconomic indicators and schizophrenia specifically (2, 3) and mental disorders more generally (4) . The social gradient for risk of mood disorders has also been a subject of considerable interest and investigation (5, 6) . Anxiety disorders have received somewhat less attention. Yet, largescale epidemiological studies indicate that most anxiety disorders are more strongly related to education and income than are mood disorders (7) (8) (9) . The social gradient for mental health is found in all studied western countries (5) . Paradoxically, the social gradient seems to be small or absent in developing countries, in which social and economic differences are usually quite large (10, 11) . Judging from these results, a quite strong social gradient should be expected -and has been observed (12, 13) -in a relatively egalitarian and prosperous society like that in Norway.
The discussion about the causal direction underlying this relationship has also persisted for generations (14, 15) . To what extent does poor mental health hamper education and career, and thus, cause downward social mobility (the social selection hypothesis)? In contrast, to what extent does stress associated with low social status and poverty increase the risk of poor mental health (social causality hypothesis)? An alternative approach to understanding the association between SES and mental health is to consider possible effects from risk factors common to mental health and SES. The same genes or environmental factors could influence both social status and mental health, in a direct manner or indirectly through personal characteristics, boosting educational attainment and career, as well as protecting against poor mental health. Data from twin studies are informative on the relative contribution to the relationship between two or more phenotypes of genetic, family (shared) environmental, and individual (non-shared) environmental factors. While decomposing the correlation between mental health and SES into genetic and environmental components does not resolve the question of causal direction, such results can still contribute to the understanding of the SES-mental health relationship.
Aims of the study
We expected to observe a negative relationship between a strong indicator of socioeconomic status, educational attainment, and anxiety disorders.
Using data from a population-based twin sample, the primary aim was to estimate the relative contribution of genes and environmental factors to this relationship.
Material and methods

Sample
Twins were ascertained for this study from the Norwegian Institute of Public Health Twin Panel (NIPHTP), established in 1992. They were identified through the Medical Birth Registry, established January 1, 1967, which receives mandatory notification of all births in Norway. The first NIPHTP questionnaire study was conducted in 1992. A follow-up study of all Norwegian twins born 1967-1979 was conducted in 1998. Altogether, 12 698 twins (6349 pairs) received the second questionnaire (Q2), and 8045 (63%) responded after one reminder. The Q2 sample used in the present study included all the 3334 complete pairs (53%). The NIPHTP is described in detail elsewhere (16, 17) .
An interview study of DSM-IV axis I and axis II mental disorders -ÔMental Health in TwinsÕ (MHT) -was started in 1999 as an extension of the Q2 study. All complete pairs in which both twins had agreed to further contact, 3153 pairs, were invited. Altogether there were valid anxiety data for 1385 complete pairs and 21 single twins or 44% of the invited twins. Figure 1 shows the various phases of the NIPHTP ⁄ MHT study. Age when interviewed was 19-36 years, mean = 28.1.
There were valid education data for all except three of the MHT participants. Education data were also available for all but a few of the remaining complete pairs in the Q2 sample, and for a few incomplete Q2-pairs who due to technical problems were accidentally invited to the MHTstudy. Altogether there were data on education in 3339 pairs. There were also education data available for almost all Norwegian twins at the same age who did not participate in the study. There were no large differences in mean educational level between genders (difference in favour of women 0.05 SD, P = 0.006) or zygosity [difference in favour of monozygotic (MZ) twins 0.11 SD, P < 0.001]. The mean education was 0.17 SD higher for participants than for non-participants. Table 1 shows the numbers of male and female MZ and dizygotic (DZ) pairs with valid data on education and anxiety disorders, respectively. Zygosity was determined by molecular methods based on the genotyping of 24 microsatellite markers in all but 385 of the interviewed pairs, for whom zygosity was determined from questionnaire information. Estimated misclassification rate in the interview sample, based on comparison between questionnaire information and genetic analyses, was 0.7%. Estimated misclassification rate in the entire Q2 sample, in which zygosity classification was based on questionnaire data in a much larger proportion of the pairs, was 2.0%.
Informed consent was obtained from all MHT participants after complete description of the study. An invitation letter informed about the purpose of the Q2 study, and return of the questionnaire was regarded as informed consent.
Measures
The education data were exported from Statistics Norway in 2003. Practically all the twins, born 1967-1979 had then finished their education. Educational level was scored as one of nine values: 0 = no education, 1 = lowest public school, 7 years (lowest obligatory level before around 1966), 2 = obligatory public school after around 1966, 9 years, 3 = public school (9 years) and one or 2 years vocational school, 4 = high school (12 years), 5 = public school and four or more years with general ⁄ vocational education, 6 = 1-4 years at university or college, 7 = 5-7 years at university or college, 8 = doctoral degree (18) . All twins in our sample, born after 1966, had at least 9 years of public school. Category eight includes only 0.2% of the sample and was collapsed with category seven. Thus, the range of educational level was 2-7 in our sample. DSM-IV Axis I disorders were assessed using a computerized version of the Composite International Diagnostic Interview (CIDI) (19) . The interviews took place between June 1999 and May 2004 and were conducted face-to-face except for 231 telephone interviews (8.3%). The majority of the 28 interviewers were psychology students in their final training or experienced psychiatric nurses. All received a standardized training program by teachers certified by the WHO and passed a user license test for the CIDI. They were supervised during the data collection period. Each twin in a pair was interviewed by a different interviewer blind to the results of the co-twin.
The anxiety disorders here examined were panic attack ⁄ disorder, generalized anxiety disorder, social phobia, agoraphobia, specific phobias (details by subtype below), obsessive-compulsive disorder, and post-traumatic stress disorder. DSM-IV diagnoses were assigned without hierarchical rules.
Among the content of the questionnaire from 1998 were five items from the SCL-25 (20) , tapping symptoms of anxiety and depression and commonly used as an index of global mental health. The five item short-version has been shown to correlate at 0.92 with the original instrument (21) . There was a time lag from 1 to 5 years between the completion of SCL-5 and the CIDI interview, and whereas the latter gives life-time diagnoses, SCL-5 refers to the last 14 days. Despite this difference, SCL-5 scores were used as a crude indicator of the severity of the various CIDI-based anxiety diagnoses.
Results from previous analyses (22) demonstrated that without allowing highly relaxed subthreshold scores, the individual anxiety disorders are not sufficiently prevalent to permit testing in multivariate genetic models. Therefore, we chose to use a phenotypically global Ôany anxiety disorderÕ variable based on full diagnostic data in bivariate genetic analyses with education. To justify this, we tested for phenotypic unidimensionality via confirmatory factor analysis (CFA). A single factor solution showed a good fit, comparative fit index (CFI) was 0.96. All but two variables showed loadings from 0.47 to 0.89 (mean = 0.67). The remaining two, animal phobia and Ôother specificÕ phobia, showed loadings under 0.4. A CFA performed excluding these variables showed an even better fit, CFI = 1.00. Furthermore, mean SCL-5 case ⁄ non-case differences for these types of phobias were lowest or close to lowest of all the anxiety diagnoses, namely 0.7 and 0.8 SD, as compared to 1.8 SD for post-traumatic stress disorder (PTSD) and 1.7 for generalized anxiety disorder (GAD). The relatively low SCL-5 scores for people diagnosed with these phobias indicate that most of them do not suffer from a severe anxiety disorder. Results from another twin study (23) have also indicated that animal phobia is influenced by other genes than most of the remaining phobia sub-types and other anxiety disorders. On the basis of these results, we chose to exclude the phobias Ôspecific, animal typeÕ, Ôspecific, other typeÕ, and a few cases categorized as Ôphobia not otherwise specifiedÕ from the variable Ôany anxiety disorderÕ used in the genetic analyses. The dichotomous Ôany anxietyÕ variable was scored Ô1Õ if any of the remaining anxiety diagnoses were present, otherwise Ô0Õ.
Statistical analysis
We first assessed the phenotypic relationships between educational level and each separate anxiety disorder and Ôany anxiety disorderÕ via polychoric correlations. Our twin modelling assumed that, although our education variable is ordinal rather than scored at an interval level, the underlying distribution of educational attainment is normally distributed in the population. Likewise, liability to anxiety is assumed to be continuous and normally distributed, with individuals who exceed a theoretical threshold expressing a disorder. Resemblance in twin pairs is assessed using tetrachoric ⁄ polychoric correlations (24.) . Using the multiple threshold model in the PRELIS program (25), we tested for deviations from an underlying bivariate normal distribution of the two variables.
As is standard in twin modelling (26), individual differences in education and liability to anxiety are assumed to arise from three sources: additive genetic ÔAÕ, from genes whose allelic effects combine additively, shared (or ÔcommonÕ) environment ÔCÕ, which includes all sources increasing similarity between the twins, and specific environment ÔEÕ, which includes environmental experiences not shared by co-twins and measurement error. Co-twin similarity in MZ pairs is due to identical genes, A, and, by definition, shared environment, C. DZ pairs share (on average) half of their A, and all of their C, similar to other full sibling pairs.
Univariate twin studies use data on co-twin similarity for a single trait or illness. Bivariate studies utilize observed similarity both between the same trait in co-twins, between one trait in one twin and the other trait in the co-twin, and between the two traits observed within persons. Besides yielding estimates of the effects of A, C and E (path coefficients a, c, and e, respectively) for each of the two specific phenotypes, bivariate analyses estimate the correlations between the latent factors for each of the phenotypes. Figure 2 shows a bivariate model specifying the correlations r A , r E , and r C between each of the traitsÕ causal factors, A, C, and E. [To avoid confusion, we will use the term ÔsharedÕ for environment shared by -or common to-co-twins (C) and reserve the term ÔcommonÕ for common causality for the two phenotypes]. Full and nested Ôcorrelated factorÕ models were tested. In the nested models, some of the parameters a, c and e are fixed at zero or the correlations are fixed to unity. The best fitting of the models was chosen using AkaikeÕs Information Criterion (AIC) (27) .
Under qualitative sex-specific effects, termed general sex-limitation, different genetic or environmental sources may be operating among males and females, and the genetic or environmental factors, A, C, or E, are permitted to correlate freely between males and females. Under quantitative sex-specific effects (common sex-limitation), the genes and environmental factors are the same in males and females, but the strengths of the effects may vary (e.g. 26). In principle, one could test for qualitative and quantitative sex-specific effects as part of the bivariate modelling. However, to keep the bivariate model as simple as possible, we conducted preliminary univariate analyses to test for sex-specific effects. The analyses did not show evidence of generalized sex-specific effects, implying that the specification of such effects would also not be required in our bivariate modelling.
The Mx computer program (28) was used for these analyses. Raw data analysis was performed and the thresholds (prevalences) were permitted to vary between men and women. The full Q2 dataset, for which there were data on education in the full sample and anxiety data only for the MHT participants, was entered in the analyses.
Results
Mean values and standard deviations for education were 5.01 (SD = 1.37) for the participants and 4.51 (SD = 1.39) for the total Norwegian twin population born 1967-1979. The distribution of educational level was: 9 years public school 3.5%, public school + 1-2 years vocational school 15.1%, high school 35.8%, public school + ‡4 -years general ⁄ vocational education 3.6%, 1-4 years university or college, 33.6%, ‡5 years university or college 8.4%. There were no mean sex differences in educational level (t = 0.02, P = 0.99), but slightly higher variance among women than among men (SD = 1.38 and 1.36, respectively, P < 0.001). Prevalences for the anxiety disorders are shown in Table 2 ; 20.4% of the sample had Ôany anxiety disorderÕ. The prevalence estimate adjusted for overrepresentation of women in the sample was 18.6%. Differences between cases and non-cases in mean global mental problem Z-scores were 1.8 for PTSD, 1.7 for GAD, 1.4 for social phobia, 1.3 for agoraphobia and OCD, 1.2 for panic and 1.0 or lower for the remaining phobias. Mean age of onset ranged from 11.2 years for blood phobia to 19.8 years for GAD. Mean age of onset for any disorder was 12. 6 years (SD = 6.6). Table 2 also shows correlations between anxiety disorders and educational level. The prevalence increased monotonically with decreasing education for five of the disorders and for Ôany disorderÕ. For the other six tabulated disorders, altogether nine of 36 cells in total (six anxiety variables x six education categories) departed from perfect monotonic relationships. The association with education was strongest for agoraphobia and PTSD and weakest for the types not included in the genetic analysis, animal phobia and other specific phobias. The correlation between education and any anxiety disorder (not including animal phobias or ÔotherÕ specific phobias) was )0.30 (95% CI ±0.05) for the total sample, )0.27 (±0.10) for males and )0.32 (±0.06) for females. Age correlated lower than 0.02 with education and Ôany anxietyÕ, suggesting that this variable did not produce a spurious relationship between the other two.
Odds ratios displayed in Table 2 reflect increased odds for each increment on the six-step ordinal OCD, obsessive-compulsive disorder; PTSD, post-traumatic stress disorder. Adjusted for over-representation of women. àOdds ratio per educational unit score (range 2-7), adjusted by sex. §87 panic disorders, 67 panic attacks.
-Includes a few cases of Ôother phobias, not specifiedÕ.
Not including animal phobia, other specific phobias or Ôother phobias, not specifiedÕ.
education variable. Thus, assuming equal increase in anxiety for each increment in education, the estimated OR from the highest to the lowest educational level is calculated as the tabulated OR raised to the fifth power. Accordingly, agoraphobia is estimated to be 1.85 5 = 21.7 times more common in the least educated than in the most educated group, while the observed ratio, comparing the two extreme groups, was 31.3. The corresponding value for Ôany anxietyÕ was 1.45 5 = 6.4, while the observed ratio between the two extreme groups was 5.4.
The strength of the relationship between education and each of the anxiety diagnoses tends to parallel the severity of the disorders in terms of self-reported mental distress. The correspondence between mean mental distress for each disorder and the strength of correlation with education, as measured by the Spearman rank-order correlation, was 0.59 (P = 0.057).
We tested the 30 observed bivariate statistical associations (within individuals, between twins, and across twins-across traits in five data groups) for deviations from underlying bivariate normality. The results showed 2 of 30 possible significant deviations (6.6%), close to the 5% chance expectation.
The twin correlations and Ôcross twin -cross traitÕ correlations (cross-correlations) for anxiety and education are shown in Table 3 . The twin correlation pattern is quite regular for education, with highly similar values for the two MZ groups and for the three DZ groups, respectively. The pattern for anxiety is different, with same-sex DZ twin correlations almost as high as the MZ correlations and an opposite-sex DZ correlation close to zero. This pattern suggests modest genetic effects and strong effects of shared environment that differs by sex. In contrast, the cross correlations for the MZ pairs are on average approximately 1.5-1.6 those of the same-sex DZ pairs, and the cross-correlations for opposite sex twins do not depart very much from the other DZ cross-correlations, quite similar to the pattern seen for education.
Univariate analyses of anxiety
Whereas the twin correlations for education data do not suggest any sex-specific effects, the correlations for anxiety are consistent with general sexlimitation effects, that is, whether there are genetic effects unique to men and ⁄ or women. We tested for such possible sex-specific effects by conducting preliminary univariate analyses of the anxiety data. First we specified a full ACE model with general sex-limitation effects and a free correlation, r AMF , between genes affecting anxiety in males and females. A corresponding general sex-limitation model with sex-specific effects of shared environment and free r CMF was also tested. The fit for the two models was almost identical, with chi-square value 0.13 higher for the former than for the latter. In accordance with conventions, and because previous results did not show evidence of strong effects of shared environment on anxiety disorders (23), we chose the ACE model with r AMF as the more realistic basic model, under which nested models were tested. These included ACE models with common sex-limitation effects (the same genes affect the phenotype in men and women, but to a different extent) and without sex-limitation. For AE models we also specified general sex-limitation, in which different genes affect the same phenotype in men and women.
The fit statistics for the univariate analyses of anxiety data are shown in Table 4 . Although dropping c from an ACE model with common sex-limitation (Model 5 vs. Model 2) resulted in a just-significant (P = 0.04) change in model fit, , Ddf, and P show tests against the models under which they are directly nested; DAIC, change in chi-square value minus 2 df compared to Model 1, is an overall measure of model fit. Low values indicate good fit. Models: A, additive genetic effect; C, environmental effect shared by co-twins; E, environmental effect not shared by co-twins. By convention in quantitative genetics the results for best-fitting model is typed in bold.
there was no significant loss of fit when dropping general or common sex-limitation effects for either ACE models (Models 1-3 ) or AE models (Models 4-6). Model 6, an AE model without sex-limitation, showed the best fit in terms of AIC value. Model 2, a common sex-limitation ACE model, showed the second best AIC value.
Bivariate analyses
In spite of a correlation structure suggestive of sex-specific genetic or common environmental effects on anxiety, the univariate results do not show clear evidence of such effects. Rather than choosing a highly complex bivariate model with both general sex-limitation and free correlations between the causal factors for each of the phenotypes, we chose a basic bivariate ACE model with common sex-limitation only. The fit statistics from the testing of bivariate models are shown in Table 5 . Effects of shared environment, c, for anxiety could be fixed at zero, whereas dropping c for education significantly worsened the fit.
The parameter estimates are shown in Table 6 . Most of the estimates from the bivariate models do not vary much between the two models. One exception is the correlation between shared environmental factors, r C , which is reduced from close to unity in the basic model to being fixed at zero in the best-fitting model. However, as the estimates of c are moderate for education and low for anxiety, r C does not contribute much to the phenotypic correlation even when taking on a high value. The estimated correlation between genetic factors for education and anxiety, r A , is 0.48 for the bestfitting model, whereas the correlation between nonshared environmental factors affecting each of the two phenotypes, r E , is 0.12.
The results for the best-fitting model with 95% CIs are also shown in Fig. 3 . The genetic contribution to the total phenotypic correlation between education and Ôany anxietyÕ (r = )0.3 from Table 2 ) can be calculated as r A multiplied by the genetic loadings, a, for education and anxiety, or 0.48*0.77*0.67 = 0.25. The environmental contribution is similarly calculated: 0.12*0.48*0.74 = 0.04. These values differ only slightly from those calculated from the basic ACE model: 0.18 for genetic, 0.07 for shared environmental, and 0.05 from non-shared environmental correlations.
Discussion
The phenotypic polychoric correlation of )0.3 between educational level and anxiety implies that almost one tenth of individual variance in liability to anxiety disorders can be predicted by DAIC shows value compared with Model 1, low value indicates good fit. Models: CSL, common sex-limitation; A, additive genetic effect; C, environmental effect shared by co-twins; E, environmental effect not shared by co-twins; C EDU , environmental effect for education only shared by co-twins. By convention in quantitative genetics the results for best-fitting model is typed in bold. educational level. Although not directly comparable, this result from a Norwegian sample suggests a somewhat stronger association between education and mental health than in most other countries (7, 9, 29, 30) . Norway is a relatively egalitarian society, where, for instance, public funding makes higher education available to anyone with sufficient aptitude. It may seem counter-intuitive to find a strong social gradient for mental health in this society, but this finding conforms to results showing little or no social gradient for mental health in developing countries (10, 11) , in which social differences are usually large.
The results suggest that the correlation between education and anxiety is to a large extent caused by common genes and not much by common environment shared by co-twins. The estimate of the correlation between non-shared environmental factors is low and only marginally significant.
The relationship between SES and health has traditionally been explained by two different mechanisms, Ôsocial causationÕ and Ôsocial selectionÕ. Under social causation, lower educational level represents a risk for, and higher education represents a protection against, poor mental health. Age of onset of anxiety disorders is typically in childhood or adolescence (31), which is confirmed by our results based on retrospective self-reports. Such early onset might seem incompatible with a direct protective effect of high education on anxiety, but the variation in age of onset is high, and some persons will have their anxiety disorder after finished education. Also, anxiety disorders are not necessarily life-long, and it is not unthinkable that a high level of education could increase the chances of getting cured. Finally, risk of anxiety disorders could well be associated with scholastic success or failure during the whole school period, rather than with final educational attainment per se. A direct implication of social causation is that better education (or school performance), either in an absolute sense or relative to societal norms, reduces the risk of mental health problems. In contrast, our results, suggesting that most of the phenotypic correlation between anxiety and education is caused by common genetic effects, imply that extra education will not necessarily protect much against risk of anxiety. Of course, it does not mean that anxiety disorders cannot be efficiently prevented or treated in other ways.
The implications of our findings are also not fully consistent with those of the selection hypothesis. The latter states that morbidity hampers educational attainment and, accordingly, that curing anxiety helps improving education. If the phenotypic association primarily reflects common genes, however, preventing and treating anxiety among young people may be of limited significance for increasing educational success.
Unlike common genetic effects, a contribution to the phenotypic correlation from shared environmental factors could be consistent with a social causality model, in which environmental factors associated with the family could influence both education and liability to anxiety. Examples of possible shared environmental factors are neighbourhood and school qualities, including social as well as intellectual and educational aspects.
Limitations
To our knowledge, this is the first attempt to disentangle the statistical relationship between indicators of socioeconomic level and mental health into genetic and environmental components. The most obvious limitation of this study is the moderate statistical power. The results are consistent with a model in which all phenotypic correlation is explained by familial causal factors. However, they cannot be taken as clear evidence against a contribution to this correlation from a direct phenotypic causal relationship. In principle, phenotypic causality can be tested with twin data such as ours, but simulation studies have shown that we have far from sufficient statistical power for such testing (32) .
Furthermore, even under the assumption that the commonality is primarily due to common effects from causal factors, rather than from phenotypic causality, limited statistical power still forbids drawing firm conclusions about some of our results until they are replicated. If our analyses have failed to identify true effects of sex-specific genes, we may have wrongly specified the expected value of the opposite sex twin correlation to be equal to that of the like-sex DZ twin correlations. Attributing the much lower opposite sex twin correlation than the MZ correlations to genetic effects could have inflated the strength of the genetic effects at the expense of effects of shared environment. This could also have inflated the estimate of the genetic correlation between education and anxiety and deflated the correlation due to shared environment. Our conclusion that the correlation between education and anxiety primarily reflects effects of common genes can only be inferred leaning on previous evidence, which shows little evidence of non-shared environmental effects on anxiety (23) .
Sampling bias may have influenced our findings. The mean difference in education between participants and non-participants was only 0.17 SD, however. A recent attrition study of our twin sample indicates that a moderate selection of mentally healthy twins has taken place, but this selection did not appear to substantively affect results from genetic twin analyses (33) . The prevalence rates are as high as, or a little higher than expected. A Norwegian prevalence study (34) did not report rates for Ôany anxiety disordersÕ, but the rates for specific disorders are mostly similar or a little lower than ours. Our estimate of Ôany anxiety disorderÕ, 18.6%, is slightly higher than an estimate from the National Comorbidity Survey Replication, 18.1% (35) , in spite of the fact that we have excluded some types of phobias. Like the results from the attrition study, our relatively high prevalence estimates suggest no strong selection towards healthy twins. But even if our sample should not be fully representative, a serious attrition bias of our results is unlikely.
Our sample consists of young adult Norwegian twins. These results may not fully generalize to other populations, both due to possible age-and cohort-specific effects. Furthermore, the generalizability of our results is limited to populations with approximately the same distribution of genes and environmental factors as in ours. Even if almost all the correlation between education and anxiety is caused by common genes, new sources of environmental variation in the society could introduce an environmental contribution to the correlation.
